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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the incircuit emulator which 
plans effectiveness of debugging in the development tool of the application software of a 
microcomputer. 
[0002] 

[Description of the Prior Art] Importance is attached to how the waiting power of an electric product is 
stopped in recent years. Therefore, when realizing the low power of an electric product, since the effect 
is large when the original oscillation of a microcomputer is stopped, in order to realize a low power, in 
addition to required processing of the microcomputer used for many electric products, there is a function 
(it is hereafter called a stop mode) to make one of the modes of operation of a microcomputer suspend a 
original oscillation. The flow of the actuation which debugs the application software using the stop 
mode with the conventional incircuit emulator (hereafter referred to as ICE) is shown in drawin g 5 . This 
drawin g 5 shows the condition when performing actuation by ICE interrupt processing in the stop mode 
of a user program. Moreover, drawin g 6 (a) is a flow chart with which the main routine of the user 
program which has the stop mode which debugs, and drawing 6 (b) show interrupt processing of a user 
program, and drawing 6 (c) shows ICE interrupt processing. 

[0003] In drawing 6 (a), (b), and (c) the main routine of the user program of a microcomputer and 2 1 
interrupt processing of a user program and 3 ICE interrupt processing by which interruption of ICE will 
be performed by generating if actuation of stopping a main routine 1 is performed, The instruction with 
which 4 contains the initialization routine of a user program and which usually puts processing and 5 
into a stop mode, The usual processing performed after the interrupt processing 2 of a user program 
generates 6 in a stop mode, The 1st compulsive breaking by generating of the ICE interrupt processing 3 
which 7 makes usually stop a user program in the middle of processing 4, The 2nd compulsive breaking 
according generating of interrupt processing 2 to generating of the ICE interrupt processing 3 waiting in 
the inside of the stop mode by the instruction 5 to which 8 is put into a stop mode, The return instruction 
for returning 9 to a main routine 1 from the interrupt processing 2 of a user program, The ICE return 
instruction of the ICE interrupt processing 3 for making 10 rerun from the activation idle state of a user 
program and 11 It is usual interrupt processing which is made to suspend activation of a user program, is 
controlled by the control software of ICE by the ICE interrupt processing 3 performed, and performs 
debugging etc. 

[0004] Drawing 7 is a state transition diagram in the main routine of drawing 6 (a), and the flow chart of 
ICE interrupt processing of drawing 6 (c), and drawing 8 is drawing showing the stack area which 
shunts status information according to generating of interrupt processing. In drawin g 8 , as for 12, the 
shunting field of the flag status and 13 are the shunting fields of the various statuses, and shunting 
storing of the shunting field of the return address of a program and 14 is automatically carried out in 
these shunting fields at the time of interruption generating. 

[0005] The example of concrete actuation of said conventional example is explained using drawin g 7 
and drawin g 8 . First, external interruption of the 1 st compulsive breaking 7 which stops a user program 
during the usual processing 4 of the main routine 1 in a user program is generated. It changes to 
interrupt processing of ICE by the ICE interrupt processing 3 of this 1st compulsive breaking 7. 
Shunting storing of the condition of a user program is carried out in the stack area shown in drawin g 8 , 
respectively like [ this ICE interrupt processing 3 ] the interrupt processing 2 of a user program. 
Moreover, in the control software of ICE, the content of the stack area by which shunting storing was 
carried out can be read, and a condition when a user program stops can be displayed with a monitor. 
And since ICE interrupt processing 3 other than a user program is performed to the user, it is visible to 
the condition that the user program stopped. Furthermore, rerun of a user program is executing the ICE 
return instruction 10 of the ICE interrupt processing 3, and the resource by which shunting storing was 
carried out in the stack area at the time of generating of the 1st compulsive breaking 7 is returned. 
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[0006] Next, although the ICE interrupt processing 3 of the 2nd compulsive breaking 8 occurs in the 
stop mode by the instruction 5 put into the stop mode of a main routine 1 and being changed to interrupt 
processing of ICE, since the flow of the actuation here to a halt of a user program is the same as that of 
said explanation, it is omitted, and explains the different portion. 

[0007] Since a user program is a stop mode, and the oscillation has stopped, a stop mode is canceled by 
generating of the ICE interrupt processing 3, and an oscillation is started. Hereafter, the condition of 
oscillating is called normal mode. That is, ICE interrupt processing 3 is performed by normal mode, and 
becomes things. And since rerun of a user program stopped in the state of the stop mode in this 
actuation, it is necessary to make it the original stop mode. 

[0008] However, if processing put into a stop mode before the ICE return instruction 10 in the ICE 
interrupt processing 3 is performed, during the ICE interrupt processing 3, it cannot keep in a stop mode 
as close, and cannot return correctly at the mode of operation in front of a user program. For this reason, 
when making it rerun in such a conventional case, the control software of ICE was taking out warning of 
"since it is among a stop mode, please make it normal mode." Therefore, specifying the start address 
which a user changes the register which controls a mode of operation by ICE, or is rerun, or resetting 
and rerunning was performed. 
[0009] 

[Problem(s) to be Solved by the Invention] In the incircuit emulator of such a configuration In the case 
of debugging which develops the application software which has the stop mode which makes a user 
program suspend the original oscillation of a microcomputer In order to consider as the original stop 
mode so that interrupt processing of ICE may be performed into the stop mode of a user program and a 
user program can be rerun after that, Even if it performs the instruction put into a stop mode before the 
ICE return instruction of ICE interrupt processing, before returning to the execute mode of a user 
program, it keeps in a stop mode as close during interrupt processing of ICE, and the problem that it 
cannot return to the original condition is. 

[0010] Moreover, in order to reput into a stop mode automatically after processing of the control 
software of ICE, it was the translation which should just carry out a return to the address put into the 
stop mode in the user program, but even if it executed the instruction put into a stop mode, the next 
instruction might also be executed, and if the instruction was branch instruction, where it should return 
had the problem that decision was impossible. 

[001 1] This invention aims at offering ICE (incircuit emulator) which was excellent in the operability 
which can be returned to the condition before directing to solve the problem of said conventional 
technology, and a user's not having any constraint in the case of rerun of the user program after 
performing ICE interrupt processing to the user program stopped in the state of the stop mode and 
stopping a user program. 
[0012] 

[Means for Solving the Problem] In order to attain this object, an incircuit emulator concerning this 
invention is constituted so that it may have memory in which read/write is possible by control of a 
function to stop a original oscillation in a mode of operation of a microcomputer, control software of an 
incircuit emulator for debugging, and control software. 

[0013] According to said configuration, after termination of interrupt processing generated in the state of 
a stop mode of a user program According to an input of an rerun instruction, a return address which 
shunted to a stack area is rewritten to a dummy return address. An instruction put into a field of a 
dummy return address at a stop mode and an instruction which carries out an unconditional branch to a 
field of degree address to a return address of a main routine are written in. An instruction put into a stop 
mode can be executed and it can return to a condition of a stop mode before a user's not having any 
constraint and stopping a user program. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of the operation in this invention is explained to 
details with reference to a drawing. Drawing 1 is drawing showing going into the original stop mode, 
when ICE interrupt processing is performed into the stop mode of the user program in the gestalt of this 
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operation and a user program is rerun after that. Moreover, drawing 2 is a flow chart which shows 
processing actuation of the control software of ICE in the gestalt of operation of this invention. They are 
drawing showing how to use the stack for putting drawing 3 into a stop mode by rerun of a user program 
after ICE interrupt processing, and drawing showing the instruction of each address which drawing 4 
shifted to the stop mode in the user program, and changed into the standby condition. 
[0015] In drawin g 3 the shunting field of the flag status of 12 and the various statuses of 14 They are the 
field which shunts the flag status automatically the same with having been shown in drawing 8 at the 
time of interruption generating, and the field which shunts the various statuses. 15 The dummy return 
address which rewrote the return address 13 of the program of drawin g 8 with the control software of 
ICE, and changed it, Moreover, the instruction to which 16 is put into the stop mode rewritten by the 
control software of ICE, and 17 are instructions which carry out an unconditional branch to the return 
address of a main routine. Moreover, in drawing 4 , the 2nd instruction with which the 1st instruction 
immediately after the instruction put into the stop mode which 19 has in a user program, and the 
instruction 19 to which 20 is put into a stop mode, and 21 are most performed first when a stop mode is 
canceled by a user's interruption, and 22 are the waiting for an interruption return. 

[0016] First, explanation of operation in the condition of having carried out an activation halt of the user 
program is performed by ICE interrupt processing generated in the stop mode of a user program using 
drawing 3 and drawin g 4 . If the instruction 19 put into the Ath stop mode in the main routine of the user 
program shown in drawing 4 is executed, since the next instruction is also prefetched (prefetch), the Bth 
instruction [ 1st ] 20 will be executed. Till this event, it is normal mode, and an oscillation stops 
immediately after executing the Bth instruction [ 1st ] 20, and it becomes a stop mode. In this stop 
mode, the input of waiting for interruption return 22 is stood by, and the return to the main routine by 
the interruption return from a user is performed from the instruction 21 of the 2nd of an address C 
address, and serves as normal mode. 

[0017] Here, in the standby condition of waiting for interruption return 22 in a stop mode, if ICE 
interrupt processing of the control software of ICE occurs in order to debug by performing halt actuation 
of a user program, a stop mode will be canceled like interrupt processing of a user program, and will 
turn into normal mode. It shunts, as the condition of the stack area at this time is shown in drawing 8 , 
and to the return address 13 of drawin g 8 , the address C address of the 2nd instruction 21 shown in 
drawing 4 shunts. 

[0018] Furthermore, actuation of the control software of ICE is explained using the flow chart of 
drawing 2 . It checks whether the user program has stopped during activation of a user program 
according to generating of activation halt processings (processing of interruption by compulsive 
breaking etc.) (SI). In processing SI, a check of that the user program stopped according to generating 
of activation halt processing reads the modes of operation (normal mode, stop mode, etc.) of the 
microcomputer before going into the activation halt processing of a user program (S2). Furthermore, it is 
read from a general-purpose register according to generating of interruption by ICE etc., and reading 
processing of status information in which it shunted to the stack area is performed (S3), and processing 
of the generated interruption is performed. Then, it is checked whether the return instruction of 
processing of said interruption and the instruction of rerun of the user program by actuation of a user 
have been issued (S4). 

[0019] In the aforementioned processing S4, when an instruction of rerun is checked, it checks whether 
the condition before a halt of a user program is a stop mode from the information read by said 
processing S2 (S5). When it is not a stop mode in this processing S5, processing of rerun of a user 
program is started by executing the return instruction which performs writing for the status information 
of the address and the status which shunted to the stack area to a general-purpose register (S6). 
[0020] Moreover, processing which writes in the instruction which performs processing which changes 
into a dummy return address the return address which has shunted to the stack area at the time of a stop 
mode (S7), writes in the instruction put into the field specified as a dummy return address at a stop mode 
(S8), and carries out an unconditional branch to the return address of the normal of a user program 
further in processing S5 is performed (S9). After the above processings, a return instruction is executed 
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and processing of rerun of a user program is started (S6). 

[0021] When making a user program specifically rerun by the actuation after ICE interrupt processing 
generated in the condition of a stop mode and considering as the same stop mode as interruption before, 
the following change is made with the control software of ICE according to the check of the rerun 
instruction of processing S4 shown in drawin g 2 . First, it checks whether the mode of operation before 
a halt of a user program is a stop mode by processing S5. Although C address which is a return address 
to the main routine shown in dra wing 4 is stored in the return address 13 (refer to drawin g 8 ) which has 
shunted to the Yth street of a stack area in processing S7 if it is a stop mode, it changes into the Vth 
street as a dummy return address 15. Next, the instruction 16 put into a stop mode is written in the Vth 
street of a stack area by processing S8, and the instruction which branches to C address shown in 
drawin g 4 as instruction 17 which carries out an unconditional branch to the following street [ Wth ] to 
the return address of a main routine by processing S9 is written in. 

[0022] Where such pretreatment is performed, if the ICE return instruction of ICE interrupt processing is 
executed, a microcomputer will return automatically X address of the stack area in drawing 3 , the Yth 
flag status [ Zth ] 12, the dummy return address 15, and the various statuses 14 to a general-purpose 
register, and rerun of a user program will be performed. And a user program will be performed from the 
Vth street which is the dummy return address 15, the instruction 16 put into a stop mode is executed, 
and it goes into a stop mode. Since an oscillation stops after the Wth activation which is the next 
instruction, a user can operate ICE [ in / in a user program / a stop mode ], without paying any 
attentions. 

[0023] In addition, the Vth instruction [ Wth ] of a stack area must use the instruction from which the 
flag status 12 and the various statuses 14 do not change. Moreover, in the above explanation, although 
explained using a stack area, even if it uses the memory in which the read/write of a free space is 
possible, it can carry out similarly. 
[0024] 

[Effect of the Invention] As explained above, according to this invention, activation of ICE in the stop 
mode of a user program and actuation of a halt are attained without applying the burden on actuation to 
a user, and the effect that it can debug efficiently is done so. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/26/2004 



Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 08-030478 
(43)Date of publication of application : 02.02.1 996 



(51)Int.CI. 




G06F 11/22 
G06F 11/28 




i. ... — . . 
(21 Application number 


: 06-167634 


(71)Applicant 


HITACHI LTD 


(22)Date of filing : 


20.07.1994 


(72)Inventor : 


SANO RYOICHI 








YOSHIOKA KEIKO 



(54) EMULATOR 
(57)Abstract: 

PURPOSE: To improve the real-time performance to an 
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CONSTITUTION: A vector fetch address, a reset vector 
address, and data of a switch SW1 are inputted to an 
address comparator 2, the end of the resetting of an 
evaluation chip 1 is confirmed with the vector fetch address 
and reset vector address, and whether or not a break signal 
is outputted is optionally set according to the setting of the 
switch SW1. When the switch SW is OFF, no signal is 
outputted to the address comparator 2 and the break signal 
is outputted to start firmware. When the switch SW1 is ON, 
on the other hand, a signal is outputted to the address 
comparator 2 and the break signal is not inputted to the 
evaluation chip 1; and the firmware is not started and the 
user program is started. 
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[0 04 2 ] C©7T-A^xT*e«,Sii-Sti^ r 
FUXn>y^u-^2«^U-^fi-^^^$1± 1 x/* 

[0 043]^ It, 15 xU-^CDm^^±tfCCcfc 
^»;-fe ^FB#CC v T F UXn>^*U-^2^6tH^??n 

/C*^ U - ^ff f^XA 'JaX->> 3 >^7 7'l tC A^J 5 

[0 04 4] j:^r, cne><Dft^^n«, ia2cc^ 

Tcfc^CC, mSAtcj:0^* , 7-^> , ;-fe^ borate 
(^fy7'101) y^SWl^iltS 
IB (Xf vV'l 02) rtS, 

40 l> 0 

[0 04 5 ] fir, x-f-^sw2^»ittfir* 

^>i. a— ffSHi^^y^aj? (^f7 7'l 03) $ 

[0 04 6 ] ^CCC, X^;fSWl ^^jiWMr*^ 
50 -A^xT^Stt (^f^'l 0 6) i^^o fit, 
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[0 047 ] £tc, ^-^P^At^^t-A^x 

?*p ^ A^OWO tft^WSSE^- ^ AtB^SCc J: 0 
RTB (Return To Break)^A^J 
?2>Ctt,C£-?Xft 5, 

[0 048 ] $ e»cc, 2BOfc«rw:, mflI&AB#<Dx $ io 
<£0&«ftK:y-k* h-r^^JM-fe^ hmc^i^^ij 

[0 0 4 9 ] ^ft&Ccfc*3. ^H^Jir«, :z— tf#X 

tiv y&n 5Cim5. 20 
[0 0 5 0 ] (HSW2 ) 03 ^^<DHJfeW2 

[0 0 5 1 ] #HffiW2&C*Jl>Ttt, X^U-£<D£ 

[0 0 5 2 ] g/c, C(DU^X£8&ttt, mflSW*jSK3 
* 8 ic A# 3ft*fMSMI-stttx^ 'J a x - > 3 > * 30 

[0 0 5 3 ] $6tC, COt&^tCfcl»T*>. U>^£8 
*p£T KUXn>^*U-^2CCtB^j^n^ff^L off 

[0 054] ccv, ^-*r7a??A*m$h$i*Z>m 

[0 0 5 5] y-fey h;W ^^ocj;^^*ijy-fe^ 
h cc j: o a — tf 7' p v ^ a tt ^ & & m & x * £ <t % 
3£fWy-fe* h^f^iu^ jx-ifttT^^AtH;^® 40 

ypy^A^ett^-it-s/cd&cD^-^^A^-r^o -eu 

[0 0 5 6 ] &tc % a-lfttij-fe* hsK^>«:»U. & 
Wy-i2^h*tT^. C<DB3. T K UXp>^U-£2&C 

& <£ ^ u *✓ x £ 8 gate s tix c ^ l o m^&AJi <* n 

50 
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[0 0 5 7 ] J: oT. iwiEHSStfU ^RfltK:. 
8*>6©fi#ttL o-c&<5<dt\ 7 -/ — x.7 cdal % 

±.mmt>tvT. ^—VifiWt&lrtcXJ ^SW2, S 
W3©»a«««cJ:9. T KUXf r n-^3*«a--«fll 
i^*'J5. x^U-> 3 >^^'J6, a-ifJBE P 

[0 0 5 8 ] *{C % U'-fe ?CCJ:&&M V Hz » 

*ijy-fe? h^rtf Jx-ifttT^^AHJ^&o* 

-tf- F*>638»jy-fe* hBtte^T-A^rfeSfti* 

x;>*y *x^> 3 >? ccA;ft3*a&£, x;*y ^ 
x~^ 3 >^;/:fittu^x£8K:H i ff-^A^U 

[0059] a— tftCcto y-fe^ h#*>a*ff<*tt, » 

Ml/ -fey h £fc£<t, 7FU^^>a'U-^2(C^ ^ 

[0 0 6 0 ]<fcor, u>?x^8^6m^$n/cff^ 
h i {i-5fr#>6cDT\ r Fu^a^u-^aw^u- 

^fi-^X^'J ^^>3 >^ -7*1 &C£t}^U 

A^*r^ia«F$n^ 0 

[0 0 6 1 ] J/c, CC0i#^^, 7r-A^xT|3S(lB# 
CC«, a-1fCCj;orx^ *U-^2CCS«!9:A^:tf^ 

[0 0 6 2 ] $6CC. ^SAB#©^-«7-^>y-t2^ h 
«f^i*4>, ^^-^-K^^ff^O^-^^A^ 

[0 0 6 3 ] g5/c, C<Dti-&. Wllr^nt^A', 

^*P ACD^ib^ /c«7 r - A £ x T©i@»|£3!tR-r 
[0 0 6 4] ^ntcj:^, 2|^afiW2CcJ:ti^ a-if 

[0065] (iafe«3 ) H4 *&m<Dmfcm3 

[0 0 6 6 ] *n««3cc*siirtt. ^ ,, 7-^>y-fe^ 
h^fctt^sijy-fe-^ n»ocu*sn&y-fe^ hft-^cDA 

ANDIeI^9^6ffl^$n/cm#^^^^U/d^cx^- 
y ^x->> 3 >^> ^ i cc^u-^ft-^i orHJ^T^ 

5:?fIBl 0*5^6tir-So 
[0 06 7]$/c CO^ ^^HBl 0<DHU*fi#tt, 
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[0 0 6 8] ^f, CCr, 7 7-A^*7££BSij£tf 

-sjs^c**^ a— Fax? A is-ztcnmz&AT 
z>\mic* >f^sw4 *mmmt or & < „ 
[oo69]-eir, x^u-^tc»m$n, 
^y Kc^y^ hft^aj^^ti^ 

AND[eI&S9<7>— 1i<DX*rtC\%^ V^y bm-^OH 10 
[0 0 7 0 ] Ji^t, ANDW9QA*i(!:^e>^, 

h i ft^i^^cDr, ^(o^mmm^tH i {f#±& 

[007 1 ]», AND0ra9*»6ffl#$*ifcH iff 
*©fftS«:»«Stiri^^ ^ *H!Sg 1 0 CcA^J 
f C©^**[§B1 0CcA2>3*lfcH i 

3 >^ >^ ^ i <30^r£©A*tr>tc^u-^(i#<t ortti 

[0 0 7 2] cfcoT. Huie^fe^) 1 £|*J«K:> 

A"i/-^2^6ffl*§^^i/-^i^x^y *x- 

[0 07 3] C©J8^fc* 7 y-A^xreabB* 30 

[0 074]^ JL-1f^D^^A«:jatt3i±Sti^ 
KTsj ^SW4^iIftliUt*S< 0 

Co 0 7 5 ] x5*u-^cc««3&ifa:A3n, y-fe^h 

fi^#Htf7 3tt£±, AND1IK9©— #©A*fc:«\ 

y-fey hft^H im^A^^n, x>f-^sw4^ 

Sctt?nrc^ANDIoIB9(Dffe*©A*K:63:. 40 
^SW4^fi|Itti(h^otl^©^ Lofl^A 

[0 0 7 6 ]J:oT > ANDlB9(D-S©A*ttHi 
^IIBl 0^6com^«Loft-^i^9^U-^m# 

^Loft^ai^, -r^Jb^^u-^fi^A^sn^cci 
[0077] -eur, ^^-*>y-fe» hfl#cc, x^y 50 
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*x—> 3 >^ ^ 7* 1 *M##A;fc3*i&i> 

[0 07 8 ] £/c, a— «f*«5ei/fcX-f 7fSW2. 
SW3<DWiittfi86cJ:0. fflfBXlfcm 7F 

>y^y6, :x~1ffflEPROM7£»JRU a— if:/ 

[0 07 9 ] 36«C, 2|s|l*W-C*>, rattA"*©i5 
U~££^±tftC:fctf &^9-:*-> y -fe v hB*CCOt^ 

riEiSUfc^ /can a— tf**y-fe* 
j:oa*iiWk:y-fe^ h-rswwy-b* MStc^rttt 

[0 0 8 0 ] -enccj:^ #siiSW3r«:, <=fc01Si#^ 
HBfltaRrx^ y ^ x— > 3 >^ » 7* 1 © y -fe y bWc 
7 r -a^ *7£ett3-e-nca-- »f #*7A*mn 
^^ci^r^, Jt^^^Aontt^tcSFtr-syr 

;U 5? Att*fflftfr-r lc 7^' v y iff 5 C i #r -5 . 
[0 08 1 1 HL »Maot/^M»I 

[0 0 8 2 ] 

[0 0 8 3 ] ( l ) 7u-t>m*m$i 

A^*7£j$Bitl3tt£C<tfr< JL-"lf^O^^A*gtt 
[0 0 8 4] (2) TKU*=i>^ 

fTtonfc^s^coHBttT 5 c <t cc^ or , msicc y -fe 

[0 0 8 5 ] (3) 2 *^6C*JtirB. U^X 

*«&tt*ciKJ:9:x-if#v7 h^xycc^orff 
[0 0 8 6 ] (4) *^cc<fcn«, i&aiSSffi 

[0 0 8 7 ] ( 5 ) a 6tC, *ffe^rtt, ±ta ( 1 ) - 
(4) tCcfcO, a»©CPUCCJ:0»St3n/cv;U^C 

pusaoi£ffl^fAr*ot«> 4 cpuiieiWfHi 

r7'n^A#££S&T£cDr, xAij a i-*/ a >^, 

0, j£ffl^x^Aonttff(c»-r-syrju^-YAtt*« 

[H 1 3 **M<D^»«I1 {CJ:-2>X5 ^u-^cd^u- 



(7) 
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& a * 3 

[02 ] #»H©*ttm «C«fc*X3 *U-*Ctfc#£ 4 

[03] *«W©Safi«2CCcfc-5x5 A U-5?(D^U- 6 

f«*«^iaBJI|jflK:*j^Siia«MB^P » *0r& 7 

£p 8 

[04] *«9H©Jt*«3CCj:6x5*U-df©^U- 8a 

[05] *»?B#«:j:«j*»Stifcx5*u-df©v7 10 

1 x^'«; ^x-->3 >^ >y* 

2 rFb^3>n'l/-^ * 
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9 AND0K (»ffi»I5IB) 
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RTB : Return to break 



